Introduction
The dual nature of the f-electronic wavefunction in heavy fermions drives fascinating electronic behaviors from exotic orders(1), to quantum criticality (2) and emergent superconductivity (3) (4) (5) .
The stage is set at relatively high temperatures by the local Kondo-interaction of the fmoments. As temperature is lowered below the so-called coherence temperature, hybridization of these f-moments with conduction electrons drives the hitherto localized f-electrons into the Fermi sea, enlarging the Fermi surface (6) . Whether the Kondo quenching is complete or not depends on its competition with the Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction that tends to stabilize long range magnetic order. Theoretically, two scenarios, regarding the zero temperature phase diagram of heavy fermions, have been put forward. The first describes the phase diagram with two separate quantum critical points (QCP), one for the onset of long range magnetic order and another for the destruction of the Kondo-lattice. In the second scenario both phenomena vanish simultaneously at a single QCP (7) (8) (9) (10) (11) . Over the past decade, theoretical and experimental efforts have focused on this very matter of understanding which scenario better describes the phase diagram of the different heavy fermion material systems.
There may now be consensus that, at least, YbRh2Si2 follows the latter scenario of Kondo destruction at the magnetic QCP (12, 13) . Yet a comprehensive picture remains missing.
Differentiating these scenarios not only provides an understanding of the complex phase diagram of heavy fermions but describes the nature of the unconventional critical fluctuations that occur on an extended phase-space near the QCP (the quantum critical fan) out of which unconventional superconductivity often emerges.
In 4f-electron systems, such as Ce-and Yb-based heavy fermions (typically with a valence close to 4f 1 and 4f 13 leading to 1 f-electron and 1 f-hole, respectively), the f-orbitals are relatively localized at high temperature and the low temperature properties are well described by the Kondo-lattice model. On the other hand, in 5f-electron systems, such as U-based heavy fermions (where determining the valence, typically ranging between 5f 1 and 5f 3 , is more challenging), the spatial extent of the 5f-orbitals and their hybridization with ligand orbitals (conduction electrons) gives the f-electrons an intermediate character between partial itineracy and partial localization, increasing the complexity of the Kondo-lattice problem. U-based heavy fermion systems therefore provide an ideal platform to probe this rich and complex physics.
USb2 features one of the highest antiferromagnetic (AFM) transition temperatures (TN) in f-
electron systems with TN exceeding 200 K (14) . Angle resolved photoemission (ARPES) (15) and de Haas van Alphen (dHvA) (16) experiments indicate two-dimensional cylindrical Fermi surface sheets in the AFM phase. Resistivity measurements (17) along the c-axis reveal a peak around 80 K, which may resemble a Kondo-coherence-like behavior well below TN, yet its true origin remains unknown. Despite the high AFM transition temperature, specific heat(16) indicates a sizable Sommerfeld coefficient of 27 mJ/(mol.K 2 ), further providing indications of low temperature itinerant heavy quasiparticles residing near the Fermi energy (EF). Spectroscopic investigation of USb2, a clean stoichiometric metal with a very large TN, may therefore provide invaluable information on the interplay between magnetic ordering and Kondo-breakdown phenomena. Moreover, the robust antiferromagnetism in USb2, which drives out of strong correlations, has become particularly interesting very recently as it has been shown that it can be tuned towards quantum critical and tricritical points (18, 19) , opening new avenues for emerging phenomena.
Over the past several years scanning tunneling microscope (STM) experiments had considerable success in the imaging of heavy fermions and their formation (20) (21) (22) (23) (24) , their transition into hidden order (20, 21, 25) and into heavy electron superconductivity (26, 27) in U-, Ce-, and Ybbased systems. Yet in all these studied cases, the magnetically ordered phase and the impact of magnetism on heavy fermion and Kondo-lattice formation has not been accessible. When the local f-moments order into an AFM phase, can the Kondo-lattice coherence still develop well below TN or does it simply breakdown? USb2 is particularly selected to answer this question due to the large accessible temperature window below TN within which the gradual evolution of the electronic states inside the AFM phase can be visualized.
Using spectroscopic imaging with the STM complemented by elastic neutron scattering, we probe signatures of the magnetic order and Kondo hybridization in USb2 as a function of temperature. We find a large gap (Δ ~ 60meV) in the tunneling density of states of USb2, which we associate to the AFM order, within which Kondo hybridization near EF develops with decreasing temperature. Its gradual onset near T = 80 K coincides with the broad peak observed in resistivity measurements (16, 17) . At low temperatures, we visualize the hybridization of this heavy band with the conduction electrons, altogether providing spectroscopically conclusive evidence of Kondo coherence emerging from deep within the AFM phase. Our dynamical mean field theory (DMFT) calculations and spatial spectroscopic mapping provide a qualitative description of an orbital-selective AFM order and Kondo lattice that reside on different nondegenerate 5f orbitals, offering a new conception of how itinerant and localized f-electrons can coexist in heavy fermions. Finally, we discover a novel 1st-order-like electronic transition at T* = 45 K through the abrupt emergence of sharp f-electronic states below (E1=-20 meV) and above (E2 = +30 meV) EF with distinct orbital character.
Results
Figure 1a,c displays STM topographs of USb2 and Th doped U1-xThxSb2 showing square atomic lattice with a spacing of 4.2 Å corresponding to the in-plane lattice constant of USb2.
Occasionally vertical terraces with spacing of multiples of 8.7 Å are observed (Fig.1b) that match the c-axes of the USb2 single crystal. At least six different single crystals (pure, x = 0.3% Th-and x= 0.5% Th-doped) were cleaved in the current study and numerous areas (spanning several tens of microns) on each sample were probed with the STM. Only one kind of surface has been observed in all these trials, indicating that the cleaving occurs at the Sb2 layer (see Fig.1d(28) ). Any other cleaving plane statistically results in two different exposed surfaces, not observed in the experiment (see SI figure S1 ). Fig.2a shows dI/dV spectra measured at various temperatures away from any defects or dopants on a 0.3% Th-doped U1-xThxSb2. The spectra away from defects are identical (within the experimental resolution) between all the different samples studied, independent of the minute Th-doping (see SI figure S2 ). At T = 80 K, the spectrum shows a particle-hole symmetric partial gap in the local density of states via the suppression of spectral weight within ± 60 meV and its buildup in the coherence peaks right above. At this temperature, USb2 is deep in the AFM phase and the observed spectral gap is therefore likely the result of the AFM order. To further elaborate, we carry out temperature dependent elastic neutron scattering on the very same samples. Fig.2b displays the temperature dependence of the AFM (1 1 0.5) Bragg peak that onsets at TN ~ 203 K. The AFM ordering wave vector indicates a doubling of the Brillouin zone along the c-axis (see Fig.1d ), folding of the band structure and gapping over 60% of the Fermi surface at 80 K, seen in our STM data (Fig.2a) . The multi-orbital nature of the Fermi surface in USb2 makes it difficult to conclusively determine the origin of metallic AFM phase. However, from our neutron scattering data, we calculate a large magnetic moment of 1.9 µB/U, consistent with previous reports (14) , indicating a rather local character.
Looking closer at the 80 K spectrum reveals a weak hump-structure within the AFM gap around the energy E0 ~ 5 meV above EF (Fig.2a) . As temperature is lowered to 52 K, the AFM gap deepens, the coherence peaks (above ± 60 meV) sharpen, and the hump at E0 gradually evolves into a pronounced peak-like structure. Quite remarkably, this resonance observed at E0 in USb2 is in analogy with a similar resonance observed in a different U-based heavy fermion, the celebrated URu2Si2 (21, 25) . Fig. 2c compares STM spectra from the two material systems (URu2Si2 spectra taken from ref. 25 ). This surprising similarity of the hump-structure near the Fermi energy, in rather two different materials, suggests a similar origin of the low-energy physics, which in URu2Si2 has been attributed to heavy fermion formation above its hidden order phase (20, 25) . The energy position of the E0 resonance which is related to the valence of f-electrons (6) , being a few meV above EF in both U-systems further indicates similar valence in both systems. This is in contrast to CeCoIn5 (4f 1 ), where the resonance is located right at EF (25) .
Yet, how a Kondo lattice develops well below a magnetically ordered phase in USb2 is a puzzle.
To provide insights into this rather bizarre observation we use DMFT to compute the temperature-dependent electronic structure of USb2. We find predominantly a 5f 2 valence of the U electronic states, in good agreement with our x-ray absorption spectroscopy (see SI figure   S3 ). Quite remarkably, these calculations qualitatively predict both the AFM order and the Kondo behavior with orbital selectivity, where the mj = ± 5/2 and ± 3/2 orbitals are responsible for the RKKY-type AFM order while the mj = ± 1/2 orbitals lead to the Kondo resonance near EF (see SI figure S4 ).
Lowering the temperature further below T* ~ 45 K (a drop of only a few Kelvin) reveal an abrupt change of the spectral structure in our STM experiments, signaling a sudden transition in the electronic density of states of USb2 (Fig.2a) . Note that thermal broadening, which can explain the sharpening of the spectra between 80 K and 52 K is far from describing the observed transition at 45 K. The most pronounced feature is the discontinuous formation of two sharp resonances at E1 ~ -20 meV and E2 ~ +30 meV, far below and above EF. Possible artifacts arising from the STM tip-junction as an explanation to the observed behavior can be excluded since the observed results were reproduced on three different samples, using three different STM tips, and in both cases of crossing T* ~ 45 K from below (warming-up) and above (cooling-down) (see SI figure S2 ). Such a drastic change of the spectral structure with temperature has not been seen in any of the Ce-Yb-or Sm-based heavy fermion systems studied so far by STM or ARPES. While the E1,2 resonances emerge abruptly, the resonance at E0, closer to the Fermi energy, continues to evolve rather gradually with decreasing temperature in analogy with signatures of Kondo-lattice formation observed in other heavy fermion systems.
The co-tunneling mechanism from the STM tip to a sharp resonance in the sample's local density of states manifests itself in a Fano-lineshape (29) (30) (31) . To extract their temperature evolution, we fit the spectra in Fig.2a to three distinct Fano-lineshapes centered around E1,2 and E0 with a parabolic background (see SI figure S5 ). The model is an excellent fit to the data shown as thin dashed lines on top of each spectrum (Fig.2a) . The extracted linewidths of the resonances at E1 and E0 are displayed in Fig.2d , e (see SI section S5). The heights of the resonances are extracted directly from the data and are displayed in Fig.2f , g (see SI section S5).
As seen in the raw data, the resonance height at E0 gradually grows with a logarithmic temperature dependence below the onset temperature of ~ 80K, providing a long-awaited explanation to the broad peak observed in resistivity measurements. Such a behavior is consistent with Kondo lattice formation observed in other heavy fermions (20) (21) (22) (23) (24) . Similarly, the width of the resonance at E0 decreases in the same temperature range and saturates at low temperature to an intrinsic linewidth expressed in half width at half maximum (HWHM) of Γ ~ 6 ± 2 meV. We can analyze the temperature broadening of the linewidth using the Kondo impurity model Γ = √( ) 2 + 2( ) 2 , which previously has well-captured the temperature dependence in Kondo lattice systems (20, 24) . A fit (of a single parameter) of the above equation to the data yields a temperature of TK = 55 ± 20 K, which is related to the intrinsic linewidth of the Kondo resonance at T = 0 K. Due to the valence state, in U-compounds,
the Kondo resonance appears a few meV above EF (21, 25) , whereas in Ce (26, 27) , Sm(32-34),
and Yb(24) compounds its observed to be right above, at, and right below EF, respectively. The fact that E0 is in the unoccupied side of the Fermi energy, places ARPES experiments, to probe the lineshape of the resonance, at a disadvantage.
In contrast to this E0 resonance, that at E1 (and E2) follows a very unconventional temperature dependence. It's abrupt onsets at T* ~ 45 K closely matches with the sharp anomaly seen in specific heat and the sudden release of entropy (see supplementary information in ref. (35)).
Similarly, optical pump probe spectroscopy(35) also sees an abrupt change at T* = 45 K in the lifetime of spin excitations, indicating the opening of a new decay channel, whereas low temperature ARPES(36) sees a flat band at the same energy and widths as our E1 resonance.
The energy separation between the two resonance levels of δ1-2 ~ 50 meV seen in our spectroscopic measurements corresponds to an excitation temperature exceeding 500 K.
Neither their onset nor their signature in specific heat can be explained by the thermal population of conventional crystal-electric-field (CEF) levels and Schottky anomaly. All together these observations hint to an electronic transition in the bulk. Its energy being far from EF (E1 >> kBT) also makes it less sensitive to measurements such as resistivity and only the tail of the E1 resonance near EF will be captured by transport studies. Once again, our DMFT calculations provide an insight into the origin of these f-electronic states. As temperature is lowered, DMFT indicates two peaks that form around ± 30 meV of predominantly mj = ± 3/2 orbital character, qualitatively in agreement with our observation. While neither their sharpness nor their sudden onset are captured by these calculations, their distinct orbital character nevertheless suggest that some form of orbital ordering may be behind the experimentally observed transition.
To gain access to the origin and the energy-momentum structure of these sharp resonances at E1,2 and E0, we carry out spectroscopic imaging with the STM(37) at T = 8.7 K. To enhance the scattering signal on a rather clean system (See Fig.1a ) we introduce Th-substitution in U1-xThxSb2. STM topographs, shown in Figs.1c, reveal four sets of defects, three of which correspond to Th atoms replacing the U atoms in three consecutive U-layers ( Fig.1e ,f,g) and one which corresponds to Th atoms replacing Sb1 ( Fig.1h ) (see SI figure S1 ). At these low concentrations (x=0.3% and 0.5%), the thermodynamic properties of USb2 are unchanged. We first look spatially at isolated Th-dopants with atomic resolution (Fig.3a) . (40) and also comparable to the local hybridization seen around single Kondo impurities in metals (41) . The second observation is oscillatory patterns forming spatially-anisotropic ripple-like structures around the Th-dopants, theoretically predicted to form near the Kondo-holes(38, 39) (see SI figure S6 ). Note that, theoretically, the oscillation in energy and q-parameter have not been considered. However, since the q-parameter represents the relative tunneling to the resonant states at E0, oscillation in the hybridization strength is therefore expected to drive a similar oscillatory behavior in the q-parameter (see SI section S6).
Finally, the different magnitudes of the q-parameter (sensitivity of tunneling to different orbitals (22) ) for the E0, E1, and E2 resonances as well as their different spatial dependence (refer to SI section S6 and figure S7) suggest that different non-degenerate f-orbitals are responsible
for the different resonances, supporting the mechanism of orbital-selectivity proposed by our DMFT calculations.
We now move to probe the quasiparticle interference (QPI) off Th-dopants. Elastic scattering and interference of quasiparticles from impurities gives rise to standing waves in the constant energy conductance maps at wavelengths corresponding to 2π/q, where q = kf − ki is the momentum transfer between initial (ki) and final (kf) states at the same energy. Note that the oscillatory behavior of the resonance linewidth discussed above is different than the QPI at a constant energy. (Fig.2a) .), is mysterious and calls for further investigations. Yet, it is tempting to make some speculations about possible connections to the "hidden order" phase of URu2Si2, which itself is closely connected (1 st order phase transition) to an AFM phase (43) . In URu2Si2, a pair of quasiparticle bands of the U 5f-electrons asymmetrically form very close (few meV) to the Fermi energy (25, 44) and hybridize with conduction electrons in the hidden-order phase (21) . Though the energy scales involved in the two U-compounds is very different (by an order of magnitude), the overall resemblance with our observation here perhaps raises a possibility of some connection between the two material systems and calls for future investigations.
Materials and Methods

Sample growth
Single crystals of U1-xThxSb2 were grown out of an Sn flux, using conventional high-temperature solution growth techniques. Small chunks of U, Th and Sn were mixed together according to the ratio U:Th:Sn = 1-x:x:11.5. Single crystals were grown by slowly cooling the U-Th-SN melt from 1100 to 700 •C over 80 h, then decanting off the excess liquid flux. Identification of commercial equipment does not imply recommendation or endorsement by NIST.
STM
Flat samples of ̴ (1x1x0.5) mm were glued to a metallic plate using H74F epoxy and a conducting channel to the plate was achieved using H20E silver conducting epoxy. Identification of epoxy products does not imply recommendation or endorsement by NIST. An aluminum post was attached on the exposed surface of the sample using H74F epoxy, oriented along the sample's (001) plane. The samples were cleaved in situ under UHV by knocking the post off, transferred immediately to the microscope head and cooled down to ̴ 8.5 K. PtIr tips were used in all experiment and prior to each experiment the tips were prepared on Cu(111) surface that has been treated to several cycles of sputtering with Ar and annealing before placed in the microscope head to cool. The sample and the Cu(111) were placed inside the microscope head next to each other to minimize exposure and preserve the structural integrity of the tip when moving between the two. STM topographies were taken at constant current mode and dI/dV measurements were performed using a lock-in amplifier with a reference frequency set at 0.921kHz. The data presented in this paper was collected from 6 successfully cleaved samples equally distributed between the different Th percentage doping (x=0, x=0.3% and x=0.5%).
There were negligible differences measured between different cleaves and different areas on a sample. The error bars correspond to uncertainty of one standard deviation.
Neutron diffraction
Neutron diffraction measurements were performed (on the same single crystals used in our STM experiments) at the BT-7 thermal triple axis spectrometer at the NIST Center for Neutron
Research using a 14.7 meV energy and collimation: open -25' -sample -25' -120'. The magnetic intensity at the (1,0,0.5) peak was compared to the nuclear intensity at the (1,0,1) peak, while the temperature dependence of the (1,1,0.5) peak was used to calculate an order
parameter. An f 2 magnetic form factor was assumed. The error bars correspond to uncertainty of one standard deviation.
Dynamical mean field theory
We have used density functional theory (DFT) plus DMFT(45), as implemented in the fullpotential linearized augmented plane-wave method (46, 47) to describe the correlation effect on 5f electrons. The correlated U 5f electrons were treated dynamically by the DMFT local selfenergy, while all other delocalized spd electrons were treated on the DFT level. The vertex corrected one-crossing approximation(45) was adopted as the impurity solver, in which full atomic interaction matrix was taken into account. The Coulomb interaction U = 4.0 eV and the Hund's coupling J = 0.57 eV were used for the DFT+DMFT calculations.
H2: Supplementary Materials
Materials and Methods 
Competing interests:
The authors declare no competing interests. (purple circle) and Sb1 (green circle) layer, respectively. The colored circles show the location of the same defects in the compound's crystal structure (Fig. 1d) . 
Data and materials availability: Data is available upon request
Figures and Tables
Supplementary Material
S1. Identifying the cleaving plane and Th-dopants Cleaving plane
The accurate identification of the cleaving plane is an important factor in our analysis. We conducted several experiments on the parent compound USb2 as well as the U1-xThxSb2 for x=0.3% and 0.5%. Figure S1 (A) shows the schematic of the unit cell with red lines representing the possible cleaving planes. The (Sb2-U) plane is a highly unlikely to cleave because of the U-Sb proximity, making it energetically unfavorable. If the sample were to cleave on plane (Sb1-U), then two different surfaces would be exposed with equal probability of encounter, with the Sb1 surface having a lattice constant of factor of √2 smaller than the U layer. Contrary, cleaving the sample on plane (Sb2-Sb2) exposes the same chemical surface. On all the samples and the different areas investigated, we encountered only one kind of surface with a lattice spacing corresponding to the lattice constant of the sample. Furthermore, the heights of the steps we observed are consistently an integer multiple of the unit cell's c-axis. These confirm that the sample cleaves on Sb2 layer (see figure 1 of main text) revealing a surface of Sb atoms. 
Th-doping
The Th-dopants are expected to substitute U sites. From our topographic measurements we observe Th-dopants from three consecutive U-layers in the sample with their signature gradually weakening away from the surface. The defects look either 4-fold symmetric centered between a surface atoms or 4-fold symmetric centered on a surface atom. In our topographies (Fig. S1(B) -(C)) we encounter two kinds of defects that corresponds to the former and one kind that corresponds to the latter description (see figure 1(e-h) of main text) expected from the three U-layers.
Statistical analysis on the number of defects from many areas across different samples shows that the percentage of each of the three 4-fold symmetric defects increases by roughly a factor of two when the sample doping changes from x=0.3% to x=0.5%. For x=0.3%, the concentrations of U in the 1 st , 2 nd and 3 rd layer are 0.27±0.07%, 0.33±0.04% and 0.2±0.03% respectively. For x=0.5% the same concentrations increase to 0.61±0.05%, 0.65±0.05% and 0.52±0.04%. This suggests that all three defects are Th substituting a U site at different locations beneath the surface. Our reported dopant concentrations, x = 0.3% and x = 0.5%, come from WDS analysis performed on the samples. Transport measurements done on all samples show that within this low doping range, changes in the AFM transition are of the order of 1K. In this context, the introduced dopants serve only as scattering centres.
Further evidence that the Th dopants replace U in three consecutive layers comes from their spectroscopic signature. The different location of the defects along the c-axis results in different spectral form. The peaks E1, E0 and E2 are still present but their intensity gradually changes with respect to the spectra taken on a clean area. The one closest to the surface has the strongest spectroscopic impact and vice versa. Figure S1(D) shows that the suppression of the peaks is greater on the first layer U site. The effect weakens as the Th substitutes a U in the lower layer and eventually disappears completely. In the topographies we also observe a dimer-shaped defect that follows the orientation of the lattice alternating randomly along a-or b-axes. This form can occur when an atom in the Sb1 plane is substituted. The number of dimers doesn't appear to change between x=0.3% and x=0.5% samples, suggesting they are likely intrinsic defects.
S2. dI/dV on different Th concentrations and temperature dependence measurements on x=0 and x=0.5%
Spectroscopic dI/dV measurements were carried out on three different samples with different doping levels. Fig. S2 shows the temperature dependent measurements. In all three samples, we observe a high temperature (T > 45 K) partial gap of about 60meV and emergent sharp resonances at low temperatures (T < 45 K). The size of the AFM gap and the position of the resonances are insensitive to the small doping levels as long as the spectra on the doped samples are measured away from the dopants themselves. The dashed lines in the figure show that a kink is observed in the low temperature spectra that coincides with the location of the AFM gap's coherence peaks seen at high T. This suggests that for T<45K that size of the gap remains unchanged. This is further corroborated by the strong kinks observed in the second derivative of the highest and lowest temperature spectra at ±60meV (Fig. S2 D-F) , which are located at the same energies as the AFM gap's coherence peaks.
Fig. S2. T-dependence:
T-dependence measurements on (A) x=0, (B) x=0.3% and (C) x=0.5%. For x=0.5% T* is crossed from below (warm up) while for x=0.3% it is crossed from above (cool down). (D-F) second derivative of the highest and lowest temperature spectra. The second derivative of the low temperature data shows strong kinks at the location of the AFM gap coherence peaks at high temperatures. The size of the AFM gap remains unaffected down to the lowest measured temperature but the spectral weight is transferred inside the gap.
S3. X-ray absorption spectroscopy (XAS)
The XAS data of USb2 were measured by the total electron yield (TEY) method while for the simulated 5f spectra we followed the method in ref.
[(48) of the main text] which describes the 5d 10 5f n →5d 9 5f n+1 X-ray absorption in the dipole approximation. The absorption features of the USb2 spectrum closely match the multiplet simulation for 5f 2 and a second derivative analysis (SDI) clearly demonstrates the matching spectroscopic features, figure S3. 
S4. Density functional theory and dynamical mean field theory of electronic states of USb 2
Density functional theory (DFT) plus dynamical mean field theory (DMFT) was used to study temperature-dependent electronic structure of USb2. To consider the magnetic ordering in the strong spin-orbit coupling 5f-electron system, (j, mj) basis set was used without any orbital symmetries. Note that the AFM breaks not only the combination of time-reversal and discrete lattice translation, but also the rotational symmetry. However, because there is strong spin-orbit coupling that is included in the DMFT calculation, the easy axis is fixed and the computation needs to be done in that reference system. Furthermore, it is the rotational symmetry of coupled spin and orbital degrees of freedom, which is broken in the AFM phase.
The crystal field effect was not taken into account for simplicity. The crystal field splitting is ~ 10 meV, which is quite smaller than the spin-orbit splitting (~ 1 eV) and the exchange splitting (~ 100 meV). Hence, the crystal field effect does not change the physics in this study.
We find that the electronic structure calculated in DMFT is qualitatively consistent with STM data. At T = 100 K, two broad peaks at ~ -60 meV and ~ + 70 meV are well captured in DMFT. The peak at ~ -60 meV has, primarily, (5/2, ±5/2) and (5/2, ±3/2) orbital characters, while the peak at ~ + 70 meV has (5/2, ±1/2) orbital characters. Upon cooling, the sharp Kondo resonance peak develops near the Fermi level and has (5/2, ±1/2) orbital characters. On the other hands, the other orbitals, namely (5/2, ±5/2) and (5/2, ±3/2), give the magnetic moment. Orbital differentiation is clearly shown in the DMFT calculations: (5/2, ±1/2) orbitals show Kondo physics and (5/2, ±5/2) and (5/2, ±3/2) orbitals show magnetism governed by RKKY physics. The calculated DMFT electronic structure is shown in figure S4 . Figure S5 demonstrates the fitting process for the dI/dV spectra of figures 2 and 3 of the main text. The data at low temperatures (T < 45 K) are fitted to the sum of three Fano lineshapes representing the three resonances at E1,2 and E0 with a 2 nd order polynomial background (see Fig.S5a ). The Fano lineshape is described as
S5. dI/dV spectra fitting to Fano-lineshape
Where E characterizes the resonance energy, Γ the resonance width (HWHM) and the tip-sample coupling, also known as the asymmetry parameter of the Fano lineshape. A is related to the amplitude of the resonance. All the fits are presented in Fig.2a of the main text in excellent agreement.
For the high temperature data (T>45K), only the data inside the AFM gap where fitted to a single Fano lineshape and a 2 nd order polynomial background (see Fig.S5b ). ). This expression though propagates the error of and creating a large uncertainty in the overall height on the peak since both parameters depend on each other. Instead, the heights presented in fig.2b , c are directly extracted from the maxima of the peaks relative to the lowest point in every dataset.
S6. Spatial modulation of the Kondo hole
The same fitting procedure demonstrated in S5 has been used to extract the spatial effect of the Th atoms on the Kondo lattice described in Fig.3 of the main text. Here we also show the parameters for the E2 resonance. The above maps clearly show spatial oscillatory behavior of the energy, width, and asymmetry of the resonances. For the E0 resonance, we further show linecuts across the two Th-dopants (blue and red lines in the topograph). Linecuts along the opposite or vertical directions is obscured by interference between the two Th-dopants and a dimer defect on top of the map, respectively. All parameters show the oscillatory behavior. The spatial variation of the HWHM further shows two periodicities, a small wavelength corresponding to the atomic lattice along the (π/a, π/a) direction and a longer wavelength (which acts as an envelope) that matches with the oscillations in the Energy and q-parameter (shown with vertical dashed lines). The wavelength of these oscillations corresponds to about 12.5 Å and relates to a wave vector of q ~ 0.47 along the (π/a, π/a) direction. Note that the oscillation wavelength in this case is extracted from a single dopant without enough statistical average to make a reliable statement.
The maps of the tip-sample coupling parameter q for E1, E0 and E2 are plotted with the same color-scale. It becomes clear that the values of q for the 3 energies are different. Furthermore, their oscillatory behavior also varies as shown by the linecuts across the Th-dopant in figure S7 . This suggests that the STM tip is coupled to different orbitals when probing these resonances supporting the concept of orbital selectivity.
The oscillatory behavior of the hybridization strength has been predicted theoretically around the Kondo hole (ref 37 & 38 of main text). Experimentally it is realized through the oscillation of the peak width and asymmetry parameter q. Fig S8 shows the hybridization of the f and spd bands and the two band gaps that open, the direct bandgap Δd and the indirect bandgap Δi. Each flat band manifests as a peak in the DOS. Depending on the magnitude if Δd, and the small dispersion of the f-band, the peaks can be pushed away from each other resulting in the dual peaks seen in fig S8 or overlap giving a single peak as happens in our data for E0. In the vicinity of the Kondo hole, the magnitude of the hybridization, and therefore the bandgap, oscillates manifesting itself in the oscillatory behavior of the peak width. Similarly, the asymmetry parameter q, which is defined as the tip's coupling ratio to f-electrons (Kondo resonance) and conduction electrons, is expected to oscillate as the resonance amplitude oscillates in real space. An oscillatory pattern for the energy around the Kondo hole has not been explicitly predicted but is nonetheless important to report. Two reasons can be behind the oscillatory shift in energy seen in Fig.S1D . The first is the local tiny change in the overall valence of the U-atom (or the missing U atom at the Th substitution cites) that is known to shift the energy of the Kondo resonance (ref. 6) . The other could be a result of the spatial oscillatory behavior of the c and f electron local DOS. We further used a different method to study the spatial behavior of the different parameter of the Kondo-hole. Using the conductance map of figure 4 of the main text, we fit the spectra at every pixel (256 x 256 pixels) to the Fano lineshape model discussed in S5. The large size of the map would not allow to distinguish the local modulation around each Th atom in real space, but the effect should manifest itself in the Fourier Transform of the Fano parameter maps. Figure S9 shows the FT of the extracted energy, HWHM and q-parameter for the E0 peak. We observe a weak signal in all three FTs. A weak feature is observed near q ~ 0.5 along the (π/a, π/a) direction. While one would expect a much stronger signal in FT due to the contribution of all Th-dopants, the signal is considerably weak due to the fact that Th dopants from layers below (substituting in the 2 nd and 3 rd Ulayers) also contribute to the surface conductance. Since the effect of these defects (2 nd and 3 rd layer U substitution) will have a different phase shift with respect to those right below the surface (1 st layer U substitution) (see Fig. S1(D) ), the different signals interfere with and obscure the overall signal. Figure S10 shows the discreet Fourier transform of the conductance maps on a different sample with x=0.5% Th doping. The data have been 4-fold symmetrised to enhance the signal. We observe the same quasiparticle interference (QPI) features and their energy evolution, consistent with that observed for x=0.3% in fig. 4 of the main text. The symmetrisation process serves only to enhance the strength of the QPI features. Figure S11 shows selected pairs of the raw FT data and their symmetrized counterparts for selected energies. The same features are visible in each pair. The large-scale inhomogeneity (long wavelength) that results in the intense peak at the center (q ~ 0) of the FTs are subtracted by a Gaussian-filter. This results in the dark spot seen in the centre of the Fourier transforms and has no effect on the QPI signal. 
S7. Energy-Momentum structure from quasiparticle interference
S8. Extraction of the QPI features
It is important to accurately extract the momenta of the QPI features from the FTs of the conductance maps. Figure S12 Fig. S12(A) one can clearly observe two dispersive bands denoted by the orange and black triangles. The orange band disperses rapidly (broadens) near -18 meV signaling its hybridization with the E1 band. The black band disperses rapidly around 4meV due to its hybridization with the E0 band. On the other hand, in Fig. S12(B) we observe a single band that becomes very broad near 6meV due to its hybridization with the E0 band, as observed in fig. 5 of the main text. For this particular direction and at those energies, a Gaussian fit cannot mathematically represent the data and for this reason we do not try to fit those linecuts. 
